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Abstract 
This paper examines the aerodynamic behaviour of a standard 2-man bobsleigh. Wind tunnel experiments were 
undertaken on a 50% scale model of 2-man bobsleigh. Wool tufts and smoke were used to visualise the airflow 
characteristics around the bobsleigh. It was found that the air enters into the bobsleigh cavity through multiple paths. 
The results suggest that the optimisation of the bumpers, particularly the rear bumpers, is not significantly effective 
for reducing the aerodynamic drag. Hence, better aerodynamic performance can be achieved by altering the size and 
shape of the nose as well as the sidewall curvature. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of RMIT University 
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1. Introduction 
Bobsleighing is one of the most technologically advanced and costly events in competitive sports. The 
winter sport of bobsleighing involves teams of either two or four to make timed runs down an iced track 
in a gravity-powered sleigh. The modern bobsleigh design started to take shape since 1950s. The 
streamlined body shapes of automobiles and aircrafts development during 1930s and 40s started to inspire 
bobsleigh design [1]. Currently, the development of bobsleighs involves implementing technology from 
Formula One and National Association for Stock Car Auto Racing (NASCAR) to enhance the 
aerodynamic performance [2]. 
Bobsleighs can attain speeds of 150 km/h and some curves can subject the crew to as much as 5 times 
the gravitational acceleration [2]. At such high speeds, the importance of aerodynamics is paramount. 
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Prior studies on the bobsleigh aerodynamics have shown that the majority of the aerodynamic drag is 
attributed to the bobsleigh cowling [3-4]. This is due to the formation of the wake inside the cavity of 
bobsleigh. The shape of the nose of bobsleigh can play a critical role in improving the aerodynamic 
performance at low Reynolds numbers [4]. Although some limited studies have been reported in open 
literature, the aerodynamic behaviour of a bobsleigh is not fully understood. This is especially true in 
regard to the interaction of airflow with the bobsleigh and athletes. Therefore, the primary objective of 
this study is to investigate the flow behaviour of a bobsleigh using wind tunnel experimentation.  
 
Nomenclature 
A projected frontal area (m2) 
CD drag coefficient (dimensionless) 
D aerodynamic drag force (N) 
Re Reynolds number (dimensionless) 
V wind speed (m/s) 
 dynamic viscosity of air (Pa.s) 
 air density (kg/m3) 
2. Methods 
2.1. Description of the experimental model  
The Fédération Internationale de Bobsleigh et de Tobogganing (FIBT) is the international governing 
body for all bobsleigh and skeleton sports FIBT (2011) [5]. Under the rules set by the FIBT, the 
maximum length of a 2-man sleigh must be 2.7 m with a maximum weight of 390 kg including the crew 
and equipment [5]. In order to conduct the wind tunnel experiments, a 50% scale model of a standard 
FIBT approved bobsleigh was manufactured. Detailed drawing and dimensions were obtained from FIBT 
official website [6]. Being of half-scale, the bobsleigh model was 1.35 m long and 0.43 m wide. Initially a 
CAD model of the bobsleigh was created using CATIA as shown in Fig 1(a). The model was then 
handcrafted out of high-density polyurethane foam. A wooden rectangular block (about 2 kg) was 
attached underneath at the CG of the model to increase the weight and to minimise vibration during force 
measurement. Finally, the model was surface finished with epoxy resin, fibreglass and paint. Fig 1(b) 
shows the completed model prepared for wind tunnel testing. 
 
  
Fig. 1. (a) CAD model; (b) experimental setup in wind tunnel  
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2.2. Aerodynamic force measurements 
In order to measure the aerodynamic drag acting on a bobsleigh, a mounting system made of a steel 
sting was developed to hold the bobsleigh on a force sensor in the wind tunnel. The distance between the 
bottom edge of the bobsleigh and tunnel floor was 50 mm to simulate the real world situation. The 
schematic of the experimental setup alone with the mounting systems is shown in Fig 2. A multi-axis 
force sensor (made by JR3 Inc., USA) alone with a purpose made computer software was used to digitise 
and record drag force data. Each set of data was recorded for 30 seconds time average with a frequency of 
20 Hz ensuring electrical interference and data fluctuation errors are minimal. Multiple data sets were 
collected at each speed tested and the results were averaged for minimising the further possible errors in 
the raw experimental data. 
The aerodynamic drag forces were measured over a range of wind speeds from 30 to 130 km/h with an 
increment of 10 km/h at zero yaw angle using the RMIT Industrial Wind Tunnel. The maximum speed of 
the tunnel is approximately 145 km/h. 
(height) × 9 m (long). More details about the tunnel can be found in Alam et al. [7]. The repeatability of 
the measured forces was within ±0.01 N and the wind velocity was less than ±0.5 km/h. 
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Fig. 2. Schematic of the experimental setup 
The measured aerodynamic drag force (D) on the bobsleigh model was converted to dimensionless 
parameter: drag coefficient (CD) defined as: 
AV
DCD
2
2
1
   (1) 
The full-scale bobsleigh model has a frontal area (A) of 0.3695 m2, whereas the half-scale bobsleigh 
model used for the wind tunnel experiments has a projected frontal area of 0.09238 m2. Additionally, to 
compare the results with full-scale model, the Reynolds number was defined as: 
VlRe    (2) 
2.3. Flow visualisation 
Two flow visualisation techniques were employed to understand the flow behaviour around the 
bobsleigh. These involved the use of wool tufts and smoke. For surface tuft visualisation, the wool tufts 
were cut 40 mm in length and attached to the bobsleigh model with adhesive tape by providing equal 
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space of 40 mm. The wool tufts were used to examine the airflow for airspeeds ranging from 10 to 120 
km/h. However, the smoke visualisation was performed at low wind speed (5 km/h) in order to prevent 
distortion of the smoke stream. Smoke was used at various areas of the bobsleigh model to illustrate the 
airflow around critical areas. Photographs and video footage were captured as far away as possible from 
the bobsleigh model with the intention to not obstruct the airflow around the model. 
3. Results and discussion 
The variation of drag coefficient (CD) with Reynolds number (Re) is shown in Fig 3. The figure also 
includes the results obtained by Lewis (2006) [4] for both CFD and experimental values. 
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Fig. 3. The variation of drag coefficient (CD) with Reynolds number (Re) 
It can be seen in Fig 3 that the measured drag coefficient (CD) slightly decreases with increasing 
Reynolds number (Re). Similar trend is also seen in the work of Lewis [4]. The bobsleigh model without 
modelling the crew, runners and runner carriers was found to have an average drag coefficient of 0.289. 
This value also compares very well with existing aerodynamic studies of bobsleighs [4]. However, the CD 
value found in this study is slightly higher. This is believed to be due to high air turbulence intensity of 
RMIT Wind Tunnel (about 1.8%) [7] and also due to experimental variation. 
Smoke flow visualisation on the external structure of the different regions of the bobsleigh body are 
shown in Fig 4. As the smoke stream was only effective at visualising the flow a low Reynolds number 
(i.e. at 5 km/h), it did not permit analysis of the bobsleigh flow at higher Reynolds numbers. However, the 
effectiveness of the wool-tufts at the higher  wind speeds tested was not compromised, which allowed 
higher Reynolds number flow visualisation. Fig 5 shows side-view flow visualisation with wool-tuft at 10 
km/h and 120 km/h. 
What is immediately apparent between the two photographs in Fig 5 is the straightness of the wool-
tufts at higher wind speeds. It is because of this straightness that the wool-tuft better responds to unsteady 
flow by means of oscillation. At 120 km/h, the wool-tufts directly behind the front bumper and front axle 
show significant oscillation. It is also seen that the flow downstream of the front bumper is deflected 
upwards before following the contour of the bobsleigh model. This phenomenon cannot be seen at 10 
km/h wind speed. Additionally, the air flow which passes over the rear cowling is partly directed into the 
bobsleigh cavity and travels along the sidewall. However, what is most importantly noted is that only the 
483 Harun Chowdhury et al. /  Procedia Engineering  60 ( 2013 )  479 – 484 
first half of the cowling cut-out allows flow into the bobsleigh cavity. The flow of the rear half of the 
cowling directs the flow parallel to the geometry of the bobsleigh's shape. The wool-tufts located at the 
rearmost part of the rear-cowling appeared to oscillate to a greater extent at 120 km/h than at 10 km/h. 
Although the wool- over the rear bumper as well as tufts were positioned quite closely in these regions, 
the reason for this oscillation is suspected to be due to the flow which passes the consequence of the flow 
forming a wake region near the model's push-bar cut-out. 
 
b.
a.
 
Fig. 4. Smoke flow visualisation 
b.
a.
Speed: 10 km/h
Speed: 120 km/h
 
Fig. 5. Flow visualisation test with wool tufts 
The flow characteristics of the model obtained from the flow visualisation experiments (wool-tuft and 
smoke) can be used to map the entire airflow around the model. The flow behaviour interpreted from the 
visualisation experiments are illustrated in Fig 6. The three-view illustration shows the nature of the 
airflow when observing the bobsleigh model from above, the side and the rear. The flow visualisation 
experiments elicited the main components of the bobsleigh which contribute the most aerodynamic drag. 
The most dominating aerodynamic drag occurs inside the bobsleigh cavity. The flow visualisation 
experiments show the manner in which airflow can enter the bobsleigh cavity to mitigate this drag. 
Turbulent flow also occurs downstream of the front bumpers and front axles which compromises the 
airflow quality incident to the rear bumpers and rear axles. The flow visualisation experiments indicated 
that optimisation of the bumpers, particularly the rear bumpers, may not be a significantly effective 
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approach for reducing the aerodynamic drag. Hence, the aerodynamic performance improvements can be 
achieved by altering the size and shape of the nose as well as the sidewall curvature. The experimental 
results can be used as a design tool to optimise the bobsleigh shape to reduce aerodynamic drag whilst 
complying with the international rules for bobsleighing. 
 
a.
b. c.
 
Fig. 6. Three-view of interpreted flow lines: (a) top; (b) side; (c) rear 
4. Conclusions 
 The average drag coefficient was experimentally found to be 0.289. By approximating the drag 
contribution of the crew based on the findings of Lewis [4], the drag coefficient of the bobsleigh 
and crew can be around 0.314. 
 The flow visualisation indicated that optimisation of the bumpers, particularly the rear bumpers, 
may not be significantly effective for reducing the aerodynamic drag. Hence, the aerodynamic 
performance improvements can be achieved by altering the size and shape of the nose as well as 
the sidewall curvature. 
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